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The Asian elephant (Elephas maximus), a charismatic ‘flagship species’, is threatened 
by extinction in the wild, and the development of self-sustainable captive populations is 
a key conservation challenge. A third of the Asian elephant population is presently in 
captivity and information on the reproductive status, especially in females, is still 
lacking to a large extent. The onset of estrus in female Asian elephants is not associated 
with any visible physical signs, thus making the assessment of the reproductive status 
rather difficult. One approach to understanding reproductive cyclicity of animals is 
through generating profiles of reproductive hormones in blood (Wiseman et al. 1983; 
Brown et al. 1999, 2004). Profiles of reproductive hormones such as progesterone (P4), 
estrogen, luteinizing hormone and follicle stimulating hormone have already being 
demonstrated in Asian elephants (Brown et al. 1999, 2004; Brown 2000). In these 
studies, the reproductive status of females, maintained in zoos/captivity, was 
characterized based on circulating levels of hormones in blood samples. This is difficult 
to implement in the case of semi-captive or wild populations of elephants due to 
practical, legal and ethical considerations. In order to overcome this problem and to 
better understand the estrous status of female elephants, it is important to develop and 
validate non-invasive methods to monitor the reproductive status of female Asian 
elephants. 
 
An alternative approach to evaluating the reproductive status of females is to consider 
behavioral responses shown by males towards chemical signals produced by females to 
advertise their reproductive status. In order to understand the  reproductive status of the 
individual belonging to the opposite sex, studies have shown that elephants rely on a 
variety of chemical signals produced in biological fluids such as urine, temporal gland 
secretion, inter-digital gland secretion, etc. (Krishnan 1972; Rasmussen & Schulte 
1998). Chemical signaling is one of the prominent modes of communication in 
elephants, especially with respect to locating potential mates (Sukumar 2003). Thus, in 
most cases, elephants usually employ specific behavioral responses, for example sniff, 
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check and place behaviors of trunk, for investigating the reproductive status of the 
conspecific individual, belonging either to the same or the opposite sex (Rasmussen et 
al. 1996; Schulte & Rasmussen 1999; Bagley et al. 2006).   
 
The objectives of the thesis are two-fold. First, to develop a non-invasive method of 
reproductive monitoring from fecal hormonal metabolites and also to understand the 
possible role of feces as an inter-sexual signal. The main body of thesis is divided into 
four chapters. 
 
1) Development and validation of a non-invasive method to estimate progesterone 
metabolite in feces, to monitor the reproductive cyclicity of female elephants 
(Chapter 2). 
2) Generation and characterization of progesterone and its metabolite, 5α-P-3-OH, 
profiles of semi-captive females using the developed non-invasive method to 
measure fecal metabolites (Chapter 3).   
3)  Validation of developed methodology and assay systems to a wild-population of 
female elephants (Chapter 4).     
4) Feces as a potential source for inter-sexual chemical signaling in Asian 
elephants (Chapter 5).  
 
The above studies were carried out on semi-captive male and female elephants 
maintained in the forest camps of Mudumalai Wildlife Sanctuary (MWLS), Tamil Nadu 
and Bandipur National Park (BNP), Karnataka, India (Chapters 2, 3 and 5). For 
Chapter-4, free-ranging females of the MWLS were examined.   




1. Development and validation of a non-invasive method to estimate progesterone  
metabolite in feces, to monitor the reproductive cyclicity of female elephants 
 
Niemuller et al. (1993) generated a profile of the progesterone metabolite, 5β-
pregnanetriol, to assess the estrous phase of Asian elephants based on non-invasive 
urine sampling. However, the collection of urine is difficult and to some extent 
impossible in the case of semi-captive and as well as that of wild elephants. Thus, the 
method of choice in this study was the development and validation of a non-invasive 
approach to measure fecal progesterone metabolites to assess reproductive status of 
females. Sampling was carried out at monthly intervals on three female elephants at the 
MWLS forest camp, while three other females maintained at the BNP forest camp were 
sampled fortnightly.  An enzyme linked immuno-sorbent assay was developed to 
measure the concentration of the progesterone metabolite, 5α-P-3OH in the fecal 
samples of the semi-captive females. Using varying concentrations of the hapten (5α-P-
3OH), from low (0.1 mM) to high (1 mM), a standard curve was first generated, which 
had a linear range between 0.25 mM to 62.5 mM, with an EC50 of 1.37 mM. The linear 
range was then used to detect the concentrations of 5α-P-3OH in the fecal samples of 
females examined. The non-invasive method was further validated as there existed a 
positive correlation (p<0.1) between the levels of fecal 5α-P-3OH and that of 
concentration of circulating P4, measured in blood samples. This is the first valid 
documentation of a non-invasive method based on fecal progesterone metabolite pattern 
in order to assess the reproductive status of the female Asian elephants.  
 
2.  Generation and characterization of reproductive hormone profiles of semi-captive 
females using the developed non-invasive method to measure fecal metabolites 
 
With the establishment of a non-invasive method to understand occurrence of estrus in 
female elephants (described in Chapter 2), attempts were made to generate hormonal 
profiles over a longer time interval through more frequent sampling. Based on sampling 
at weekly intervals, the concentrations of both fecal 5α-P-3OH and that of native P4 
hormone in the blood were determined, and the females were then identified as 
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belonging to different reproductive states of hormonal cycling (follicular and luteal 
phases), non-cycling and pregnant categories.  
 
Of the 7 females sampled at both MWLS and BNP, three distinct categories of 
hormone-metabolite profiles emerged.  The first category included four females that 
showed regular cyclicity throughout the sampling period, as monitored through the 
measurement of fecal 5α-P-3OH and serum P4 levels. The estrous cycle of all the four 
females was divided into two phases (follicular and luteal), based on the patterns of 
fecal 5α-P-3OH and serum P4 concentrations. The follicular phase of the estrous cycle 
was assigned when the values of both fecal 5α-P-3OH and serum P4 remained below 0.3 
µg/gm and 0.3 ng/ml, respectively, for a considerable time period (viz. >2 wk). 
However, the luteal phase was characterized, when the levels of fecal 5α-P-3OH and 
serum P4 remained at or above 0.3 µg/gm and 0.3 ng/ml respectively, over a period of 
more than 2 - 3 wk.  
 
The second category had two females showing a ‘flat-lining pattern’ for the levels of 
fecal 5α-P-3OH and serum P4 concentrations, without any peak or dip in their 
concentrations. Since the reproductive pattern for both these females was flat-lined 
throughout their sampling period (51 wk), maintaining the levels of fecal 5α-P-3OH and 
serum P4 below 0.3 µg/gm and 0.3 ng/ml respectively, the females were considered to 
be non-cycling or anestrus. The third category had one female in which the levels of 
both fecal 5α-P-3OH and serum P4 measured were consistently high throughout the 
entire sampling period (26 wk). The levels of both fecal -P-3OH and serum P4 were 
above 0.3 µg/gm and 0.3 ng/ml, respectively. At the end of the sampling period, this 
female delivered a male calf; thus, the measured concentrations of fecal 5α-P-3OH and 
serum P4 signified the levels maintained during the gestational phase of this female.  
 
Sampling and hormonal analyses were also carried out for a male in the MWLS forest 
camps to investigate the baseline concentrations of fecal 5α-P-3OH and serum P4. The 
male showed consistently low concentrations of both fecal 5α-P-3OH and serum P4 
throughout the sampling period (16 wk), below the margin of 0.3 µg/gm and 0.3 ng/ml, 
respectively. 
                                                                                                                                       Synopsis 
 7 
 
In this part of the study, it was confirmed that the reproductive status of a female 
elephant can be correctly assessed on the basis of measurements of fecal 5α-P-3OH 
alone, with repeated sampling of the female over a longer time scale. It was also shown 
that the strength of the positive correlation between the concentrations of the fecal 5α-P-
3OH and the serum P4 increased (p<0.01) for a larger sample size than that obtained for 
a comparatively smaller sample (described in Chapter 2).  
 
3.  Validation of developed methodology and assay systems to wild-population of female 
elephants 
 
So far, the non-invasive method to estimate fecal progesterone metabolite in order to 
predict occurrence of estrus of elephants was largely applied to semi-captive females 
(described in Chapters 2, 3). However, the necessity of such a method is being 
recognized for assessing the reproductive status of free-ranging females. Several 
findings have described differences in the rate and type of steroid metabolite excretion 
among individuals maintained under different diet regimes (Wasser et al. 1993; Smith et 
al. 2006). For instance, female elephants in the forest camps are provided with 
supplementary diet consisting of sugarcane, rice and millets. This diet is strikingly 
different from the feeding materials consumed by wild/free-ranging elephants (Sukumar 
2003). Therefore, differences in dietary components can potentially influence the fecal 
steroid metabolites’ excretory patterns shown by semi-captive vis-a-vis wild females, 
which can affect the validity of measuring fecal 5α-P-3OH to predict females’ 
reproductive status. In order to examine this problem, the non-invasive method was 
applied to the population of wild elephants in the forests of MWLS, through random 
one time sampling of 30 individual female elephants. The steroid extraction efficiency 
(73 ± 11.0%, mean ± S.D., n =30) determined for the fecal samples collected from the 
wild females was not significantly different from the coefficient calculated in the case 
of the semi-captive females (80 ± 4.3%, mean ± S.D., n = 38). This indicated that 
dietary differences between wild and captive elephants did not influence levels of fecal 
hormonal metabolites in feces, unlike earlier observations on baboons (Wasser et al. 
1993), old world primates (Wasser et al. 1988) and sheep (Smith et al. 2006). The 
values of the fecal allopregnanolone determined in the case of the wild females, ranged 
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from as low as 0.06 µg/gm to as high as 23µg/gm of the sample, thus showing the 
heterogeneity of the samples, indicating that the females may be belonging to different 
reproductive phases. However, since sampling was carried out randomly, with an adult 
female being sampled just once, at this stage, it is not possible to identify or elaborate 
on the reproductive phase of the females. This is the first study reporting the values of 
the fecal progesterone metabolite in female Asian elephants in the wild. Further studies 
may be required to carry out long term monitoring of the wild females, through repeated 
collection of fecal samples over time from particular female.  
 
4.  Feces as a potential source for inter-sexual chemical signaling in Asian elephants  
 
In this Chapter-5, behavioral trials were conducted on male elephants to understand the 
role of fecal matter in conveying inter-sexual chemical signals. This was demonstrated 
by analyses of specific chemosensory behavioral responses shown by males towards the 
fecal samples of females that were strangers and belonging to different reproductive 
stages. Males showed four prominent behavioral responses namely ‘distant sniff’, ‘close 
sniff’, ‘check’ and ‘place’ towards the fecal samples of females. The sum of frequencies 
of these four responses (distant sniff, close sniff, check and place) was much higher for 
samples of the follicular (pre-ovulatory) phase females as compared to those of the 
luteal (post-ovulatory) phase females (p<0.005). Thus, for the first time, it was shown 
that male elephants are able to discriminate the different reproductive phases of females 
based on their specific behavioral response towards the fecal samples of the opposite 
sex.  
 
In conclusion, the thesis has focused on understanding and providing new insights 
regarding the reproductive biology of the female Asian elephants. This has been 
achieved through the development of the non-invasive method based on measuring the 
concentrations of the fecal progesterone metabolite and through the analyses of the 
chemosensory responses performed by the males towards the fecal samples of strange 
females. These methods can potentially be applied to the populations of both wild and 
captive/semi-captive female elephants in order to evaluate their reproductive status, 
through non-invasive measures. The information derived from the application of such 
                                                                                                                                       Synopsis 
 9 
 
methods will help in understanding the reproductive potential of the wild elephants 
under various environmental and ecological conditions. Further, the non-invasive 
measurement of reproductive hormones will help in monitoring the reproductive state of 
the individuals and thus aid in planning strategies for the welfare and management of 
the elephants maintained in captive or semi-captive conditions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
